Nepal hosts a large area of freshwater aquatic ecosystem including glacier associated system like glacier-fed streams and lakes as well as stream fed lowland lakes. Bacteriological studies are very important in aquatic ecosystems as bacteria are the major participants in biogeochemical cycles and food web structures. This study reviewed available literature in bacteriological studies of aquatic ecosystems in the Central Himalayas, Nepal and revealed that such studies are very limited. Thus, we conclude that future research works need to proceed through the latest molecular methods with high throughput technique using multiple environmental factors in the aquatic ecosystem.
Introduction
An aquatic ecosystem is broadly categorized into freshwater and marine ecosystem based on the salt concentration. The aquatic ecosystem in which the dissolved salt concentration is less than one percent is called a freshwater ecosystem. Nepal, being a land-locked country only hosts the freshwater ecosystem. Some of the aquatic ecosystems of Nepal are lakes, rivers, marshes, and glaciers (https://gold.jgi.doe.gov/distribution#Classification). Nepal is located in the central part of the Himalayas, with a large number of glaciers, glacier-fed lakes, and streams. Previous studies have estimated that there are altogether 6000 rivers in Nepal with a total drainage area of 194,471 sq.km. Based on the 2001 inventory, there are 3252 glaciers in Nepal with a total area of 5324 sq. km, whereas 2010 inventory identified 3808 glaciers with an area of 4212 sq. km (Bajracharya, And, & Shrestha, 2011) . Similarly, the lake inventory in Nepal uncovered that there are more than 500 lakes with area<1 ha (Bhuju, Sharma, Jha, & Gaire, 2012) . Nepal can be broadly divided into four major river systems ( Fig. 1 ) from east to west: the Koshi River, the Gandaki, the Karnali and the Mahakali River draining in the eastern, central, western and far western region, respectively. All these rivers are originated in glaciated mountains and ultimately drained into Ganges River in India. Each of the river basins comprises a large area of glacier and lakes. Bacteria act as the major participants in biogeochemical cycles of aquatic ecosystems (Gucht et al., 2007; Peter et al., 2014) . Especially in glacial ecosystems (Fig.2) where other organisms cannot grow and proliferate, they solely act as the biogeochemical integrators as well as food-web structures (Boetius et al., 2015; Adhikari et al., 2019a) .
Owing to the major participants in aquatic systems, bacteriological studies in respective habitat is very important. Numerous abiotic and biotic factors (e.g., temperature, oxygen, pH, conductivity, water transparency, organic matter concentration, biodegradable nutrients, water current, Bacteriophages , Zooplanktons, Chlorophyll a (Chla) content are the factors affecting microbial communities in aquatic habitat (Beier et al., 2008; Lliro et al., 2014; Hayden and Beman, 2016) . It is very essential to identify and characterize bacterial community to get the information about the ecological niches of bacteria in freshwater bodies (Shafi et al., 2017) and Namita Paudel Adhikari , Subash Adhikari and Ganesh Paudel Janapriya Journal of Interdisciplinary Studies (Jjis), volume VIII, 2019 202 assess the impact of anthropogenic activities (Wang et al., 2017) as well as the status of pollutants in water bodies (Unno et al., 2012) . Due to the short generation time, bacteria can rapidly respond to the small change in environmental conditions. That is why; they can be used as an important model in the study of global climate change (Adhikari et al., 2019a) . 
Progress in bacterial diversity studies in Nepal
Though microbial ecological studies are not enough in Nepal, bacterial diversity studies in Nepal was started as early as in 1988 by Japanese Scientists (Konda et al., 1988) .The research investigated by Konda et al. (1988) , in the three subtropical lakes (listed as a Ramsar site in Namita Paudel Adhikari , Subash Adhikari and Ganesh Paudel Janapriya Journal of Interdisciplinary Studies (Jjis), volume VIII, 2019 204 2016) of Pokhara valley reported the community of bacteria belonging to genera Pseudomonas, Flavobacterium and Corynebacterium in the water while the genera Bacillus in sediment samples. Authors used nucleopore filters of pore size 3µm to separate particle-associated and free-living bacteria. However, the composition of water in those lakes is completely changed with rapid urbanization and high anthropogenic activities. Furthermore, the authors used a culture-based method which reveals low coverage value (Muyzer, 1999) , and the results obtained may not be fully reasonable intherecent context. Study of European scientists (Sommaruga & Casamayor, 2009 ) using DGGE as molecular tool in remote lakes of Khumbu region, Nepal, the windward side of Tibetan Plateau (Dong, Jiang, Yu, Liu, & Zhang, 2010) revealed Betaproteobacteria and Bacteroidetes as the dominant group along with several ubiquitous bacterial groups supporting the bacterial cosmopolitanism in Third Pole lakes. Authors obtained high bacterial load in turbid lakes than in the transparent ones supporting that the limiting factor to shape out the bacterial diversity of alpine lakes is incident UV radiation. Liu et al., (2011) This may be due to the proximity of the Himalayan range to highly polluted areas in the Indo-Gangetic Plain (IGP). Bacterial members of the order Burkholderiales contributed for more than Namita Paudel Adhikari , Subash Adhikari and Ganesh Paudel Janapriya Journal of Interdisciplinary Studies (Jjis), volume VIII, 2019 205 50% of the total bacterial abundance in Khumbu Glacier. Some genera of this order, i.e. Polaromonas, Comamonas, and Limnohabitans are aerobic anoxygenic phototrophs and can use carbon monoxide as a source of energy (Franzetti et al., 2016) .
Study of
Bacteria in river survive as free-living, particle-attached, and free-living with differences in metabolism as well as activities. A microbiological study in Koshi River, the largest river of Nepal (Adhikari et al., 2019b) posted that bacterial community composition along the tributaries and mainstream are different. Tributaries with comparatively lower human activities harbored the higher abundance of spore-formingbacteria; meanwhile, the mainstream river with higher human activities harbored the higher abundance of fecal indicator and sewage indicator bacteria.
The variation of FL bacteria was driven by water physicochemical properties meanwhile that of PA bacteria was explained by geographic distance. All the above studies indicated that only a limited study have been conducted regarding the bacterial diversity in the aquatic habitat of Nepal (Fig. 3) . 
Future perspectivesin bacterial diversity studies in Nepal
Nepal Himalaya is at a high risk of global climate change. Melting glaciers rapidly transport the ice-locked nutrients to the downstream proglacial ecosystem. Bacteriological information can be used as models for the study of climate change.Microorganisms can exclusively control the biogeochemical cycles and food web structure of the cryosphere environment (Boetius et al., 2015) . Due to the short generation time, they can rapidly respond to the shifting environmental conditions. Thus, they can be used as important models to study the changing environmental conditions. Due to the climate change induced global warming, Himalayan Glaciers are rapidly retreating in recent years with the cascading effect in the respective proglacial environment.
Thus, studies in all glacial habitats i.e. supraglacial, englacial, proglacial, subglacial, and glacial fore fields (Hotaling, Hood, & Hamilton, 2017) Thus, future works need to be proceeded using the high coverage molecular tools, incorporating several water physicochemical factors and environmental parameters keeping in consideration of particle-attached and free-living bacteria. Namita Paudel Adhikari , Subash Adhikari and Ganesh Paudel Janapriya Journal of Interdisciplinary Studies (Jjis), volume VIII, 2019 208 In microbial community ecology, the first thing we need to know is what are there, and then only we can know their role in the specific biogeochemical pathway of the respective habitat. Thus, though diversity and community composition studies seem to sound general, such works are very important in aquatic ecosystems of Nepal to further understand the role of various diverse bacteria in biogeochemical cycles. However, there exists a huge scientific research gap in the scenario of Central Himalayan, Nepal.
Conclusion
This review aimed to understand the scenario of microbiological studies in freshwater ecosystems of Central Himalayan, Nepal. Based on the review of previous literature, it is obvious that microbiological studies are limited. There are several related studies in China and the Indian Himalayas. To understand the complete diversity from lowlands to high altitude Tibetan Plateau, the study in Nepal Himalaya is quite essential. Nepal Himalaya is the transit zone for lowlands and TP, therefore, complete study and the exact mechanism cannot be identified unless enough studies emphasized in Nepal. Thus, future research should be accentuated in several aquatic ecosystems of Nepal using the relevant molecular tools and underlining on various type of bacteria in the aquatic ecosystem.
